INTRODUCTION
Studies over the last ten years have shown that composite piezoelectrics can have a significant advantage over monolithic materials for a number of applications, especially in transducers used in medical imaging. In conventional ceramics the Poisson effect lowers the thickness mode displacement that can occur in wide specimens at high frequencies. This effect is sometimes refelTed to as self pinning. In one specific type of composite (type 1-3) the proper incorporation of an alTay of rods made from a piezoelectric ceramic such as PZT in an inactive matrix such as epoxy will form a composite piezoelectric with much lower self pinning than occurs in a monolithic ceramic. For medical applications composite transducer materials may consist of rods as small as 100 microns across and separated by about 25 microns. For lower frequency applications, the rods may be as large as 1.0 mm and be separated by 4.0 mm or more. Characteristics of piezoelectric composite materials and the conventions used in naming them are described in a review atticle by Smith [1] .
When used as an acoustic generator, piezocompositcs often exhibit complex behavior in which a number of modes may propagate, resulting in interactions of the piezoelecttic rods with thc matrix and each other. For the most part, these effects have been studied through analytical modelling and by localized interferometric measurements taken along symmetry directions in the matel1al and extending over several unit cells such as in the work of Gmuraja et al [2] .
While intCli'erometry was useful in confirming some predictions of the analytical models, the speed with which measurements could be made placed severe practical limitations on the smi'ace area and frequency range that could be explored in these early measurements. In this paper, we discuss an automated scanning interferometer that can be used to scan relatively large areas (several square inches) in sufficient detail to produce accurate contour maps of the ultrasonic displacements on the transducer surface.
Studies by the authors [3, 4, 5, 6] have demonstt'ated the use of scanning interferometric techniques for quantitative imaging of thermal displacements around a fiber matrix interface. These measurements arc made by using a scanning inteli'erometer to constlUct the profile of a sample at two different temperatures and subtracting these protiles.
In this paper we extend the technique to include measurement of dynamic displacements occurring across the surface of piezoelectric composite materials excitcd by a harmonic driving force.
EXPERIMENT

Apparatus
The measurement apparatus ( Figure I ) consists of a heterodyne intelicrometer in which an acousto-optic modulator splits a beam from a single frequency argon laser into two beams differing in frequency by 40 Mhz. The beams are diverted in mutually perpendicular directions and one of the beams is incident upon a reference mirror while the other is sharply focussed at normal incidence onto the sample to be studied. These beams are recombined with a beam splitting cube and the combined beam is incident onto the surface of a photodetector. Interference between the two beams produces a 40 MHz beat frequency calTier signal at the photodetector output.
Displacements normal to the surface of the sample result in proportional phase modulation in the carrier signal. When the carrier is phase demodulated using a phase locked loop, a signal amplitude proportional to the surface displacement is obtained.
In these studies measurements were made on a piezoelectric composite sample driven with 5.0 volt rms signals at frequencies between 60 kHz and 1.0 MHz. The resulting sinusoidal output from the phase locked loop was the input to a lock-in amplifier which was used to accurately measure the magnitude and phase of the signal. Because the driving voltage for the sample was derived directly from the reference output from the lock in amplifier, the phase measured is referenced directly to the phase of the driving voltage.
In order to produce surface displacement maps, a computer controlled translating table was programmed to move the sample through the interferometer beam in a raster pattern. The computer also controlled the acquisition of data from the lock-in amplifier allowing a complex displacement measurement to be made at 1024 points per scan line along a raster scan consisting on an arbitrary number of lines. The largest scan run in this study covered a square area 20 mm on a side and consisted of 64 scan lines. The time required for scanning was determined entirely by the speed of the scanner and the linear distance scanned. The scanner used in these studies had a linear scan rate of 0.4 mml s. This produced scan times between 1000 and 4000 seconds depending on the area covered.
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Resolution of the scans was a function of the noise level in the intelferometer and the scanning rate. Higher noise levels required larger time constant settings on the lock-in amplifier in order to obtain equivalent noise levels. This in tum produced electronic backlash in the scans reducing the spatial resolution for a given scan rate. Absence of significant backlash was confirmed by running scans in 2 directions and comparing results.
For the samples used in this study, noise levels were well below I angstrom for a 50 ms time constant on the lock-in amplifier and typical values of displacement magnitude were between 0.02 and 0.1 microns.
Data from the interferometer scans were processed to produce pseudo-isometric projections of magnitude and phase such as the ones shown in Figure 2 (a) and 2(b). In these images colors or gray levels are used to provide visual cues to the height of the curves in the z-direction allowing the amplitudes at ditferent positions on the image to be more easily compared.
Sample Description
The sample used in this study was prepared using piezoelectric ceramic rods cut from plates of PZT-5H. The rods were alTanged in planar arrays in a simple cubic pattem and embedded in a mullite whisker reinforced cpoxy matrix with the rods lying perpendicular to the plane of the array (Figure 3 ). The region immediately sUlTounding the rods was a soft epoxy matrix. After curing, thc plate was corona poled to produce piezoelectric activity. The finished sample was a square plate nominally 5 mm thick and 41 mm on a side.
The poled plate was metallographically polished on one side. A gold film was sputtered onto the polished side and the unpolished side was painted with a silver filled conducting paint. Polishing the sUlface produced some relief around the rods and resulted in a finish not entirely spccular; however, it was useful in improving the signal to noise ratio of the interferometer measurements.
Leads were attached to the metallized faces using either conducting epoxy or mechanical spring clips.
RESULTS
Figures 2(a) and 2(b) are magnitude and phase scans of the piezoelectric composite sample taken at 60kHz. The magnitude scan shows that most of the displacement takes place in the rods. Some motion also takes place in the soft epoxy surrounding the rods, but this dies out quickly in the reinforced matrix. The high degree of decoupling between the rods and the matrix tends to enhance the displacement of the rods along their longitudinal direction (the thickness direction of the plate) but such a material would not be an optimized sound source unless a light rigid plate were attached to the tops of the rods. This might serve as a practical approximation of the an air ceramic composite studied by Oakley 17].
Thc phase scan (Figure 2(b) ) shows that the regions lying on the reinforced matrix have nearly constant phase as do those lying over the rods. The intelt'ace regions transition smoothly between them. The boundary between the rod and the intelt'ace can be seen from the nearly square pattern formed by the region of highest displacement. Some of these rods are slightly misoriented as can be seen from the diamond orientation of the rod in the lower right comer. Figures 4(a) and 4(b) are magnitude and phase scans made at 431 kHz on the same sample. This frequency is near both an electrical and mechanical resonance for this specimen. The scan shows that the rods are still moving to a large extent independently of the matrix, but the antinodes in matrix displacement between the rods show that more acoustic energy is being transmitted from the rods into the matrix . This change can also be seen in the phase scan, which shows the phase is no longer flat between the rods. The interaction between the rods and the matrix would tend to lower the longitudinal displacement of the rods for this case, but the displacement magnitude still remains large because the driving frequency is near the resonant frequency of the rods. Figure 5 is a magnitude scan for the same specimen made at 1.0 MHz. At this frequency the rod motion is very small as is the standing wave pattern in the matrix. In contrast the soft interface material is undergoing relatively large displacements and is deforming more than either the rods or the matrix. This mode of vibration would make the material virtually useless as a transducer at this frequency. 
CONCLUSIONS
The above results show that scanning interfcrometry can bc used as a practical topl for characterizing piezoelectric composite materials. The displacement mapping capability provides a way of studying new materials and their operation over a range of frequencies. The ability to determine the modes of vibration of the composite and its constituents will be useful in the design of new materials for application in transducers.
